ABSTRACT
Introduction

64
Hippocampus is the key structure governing many important functions including learning 65 and memory, as well as navigation and spatial orientation (1) . Accumulated studies have 66 shown that estrogen enhances synaptic plasticity, such as enhances long-term potentiation 67 (LTP), the electrophysiological parameter of memory, and improves performance on 68 hippocampus-dependent cognitive behavior (2, 3). Growing evidences indicate that 69 17β-estradiol can be de novo synthesized in the hippocampus (4, 5)， and 70 hippocampus-derived estradiol has been shown to be essential for synaptic plasticity (4, 6).
71
Aromatase (CYP19A1), the final enzyme of estradiol biosynthesis, is a key mammalian 72 microsomal enzyme in the process of the conversion of androgens to estrogens (7).
73
Numerous studies have shown that estradiol upregulates synaptic proteins in the and ERβ, which are expressed throughout the brain (11).
79
It was reported that insulin-like growth factor 2 (IGF-2) and insulin-like growth factor 
101
Betaine is an important methyl nutrient in animals and plants, which derived from either 102 dietary intake or endogenous synthesis from choline (24 The structure of the IGF2/H19 locus is schematically shown in Figure 1A . Four specific 
149
Maternal betaine supplementation significantly increased IGF-2 expression in F0 (P < 8 150 0.01), F2 (P < 0.05) generation ( Figure 1B and 1H) . These results may be related to the 151 hypermethylation levels (P < 0.05) in its DMR region ( Figure 1C and 1I) . Simultaneously,
152
IGF-2 protein expressions were also significantly increased in betaine group of F0 (P < 153 0.01), F2 (P < 0.05) generation ( Figure 1D and 1J) . Interestingly, in F1 generation, IGF-2 154 mRNA (P < 0.01) ( Figure 1E ) and protein (P < 0.05) ( Figure 1G ) expression were 155 significantly decreased in betaine supplementation group, associated with hypomethylation 156 levels (P < 0.05) in its DMR region ( Figure 1F ). Moreover, CYP19A1 protein expression was also significantly increased (P < 0.05) in and hippocampus (13). In this study, we found that hippocampus IGF-2 and its four mRNA 246 variants (p201, p202, p203 and p204) were up-regulated in maternal betaine 247 supplementation group, and these effects were still manifested in the F2 generation. (Table 3) . 
Statistical analysis
398
All data are presented as means ± SEM and the differences among groups were analyzed 399 using independent-samples T-Test with SPSS 20.0 for windows. The differences were 400 considered statistically significant when P < 0.05. The primers sequences for MeDIP assay
